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United States Patent Office Re.25,901 
Reissued Nov. 9, 1965 

25,901 
FEED CONTROL FOR BAND SAWS 

Charles H. Whitmore, Savage, Minn., assignor to Con 
tinental Machines, Inc., Savage, Minn., a corporation of 
Minnesota 

Original No. 3,077,132, dated Feb. 12, 1963, Ser. No. 
8,681, Feb. 15, 1960. Application for reissue Feb. 10, 
1965, Ser. No. 436,405 

25 Claims. (Cl. 83-201.06) 
Matter enclosed in heavy brackets I appears in the 

original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 
This invention relates broadly to metal cutting tools, 

and refers more particularly to band saws and endless 
band-type cutoff saws like that illustrated in the Crane et 
al. Patent No. 2,898,669. The broad purpose of the in 
vention is two-fold-to provide an improved feed control 
which assures a substantially uniform cutting rate de 
spite changes in the cross-sectional shape of the work 
being sawed, and to maintain substantially uniform band 
loading by eliminating the effects of such factors as 
variations in the width of the band and lack of straight 
ness thereof, known as "dog leg." 

In cutoff saws, the pulleys about which the band or 
blade is trained are carried by a head or frame which is 
mounted for up and down motion above the base of the 
machine. The work to be cut is supported on the base 
and the cutting action takes place as the saw carrying 
frame descends. 

In earlier band-type cutoff machines, the saw carrying 
frame was simply hinged to the base and as it swung 
down, the lower stretch of the band cut through the work. 
In the cutoff saw of the aforesaid Crane et al. patent, it is 
the top stretch of the band which performs the cutting 
action, and the head or frame carrying the saw, instead 
of being hinged to the base, is slidably mounted upon ver 
tical guide posts which constrain it to a vertical translatory 
motion. 

Hydraulic cylinders elevate the head or frame, and by 
regulating the discharge of the fluid from the cylinders, its 
descent may be controlled. 
With a view toward preventing binding or "hang-up' 

of the frame on its guide posts, a torque bar and linkage 
device was provided in the cutoff saw of the aforesaid 
Crane et al. patent, to constrain both ends of the frame to 
move in unison. However, despite this and all other pre 
cautions that were taken to assure smooth uninterrupted 
descent of the frame during sawing, "hang-up' or uneven 
ness in the descent of the frame was inevitable. As a re 
sult, there were serious fluctuations in the load upon the 
saw band or blade and highly objectionable variations in 
the cutting rate. 
To appreciate this situation, it should be understood that 

the cutting stretch of the saw band or blade is held in 
proper position to effect the desired cutting action by saw 
guides located just ahead of the point at which the saw 
enters the work and just beyond its point of emergence 
from the work. In addition to engaging the opposite sides 
or faces of the band and constraining it to its required 
vertical disposition, these guides also include so-called 
backup bearings which bear against the back edge of the 
R or blade, and apply downward feeding force on the 
and. 
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The backup bearings are, of course, mounted on the 

saw carrying head and, in the past, were rigidly held with 
respect thereto, i.e. they had no vertical motion independ 
ent of the frame or with respect thereto. Thus, any inter 
ference with the smooth descent of the head would have 
a direct influence upon the feeding force applied to the 
band. 
Another serious difficulty that was heretofore encoun 

tered in band-type cutoff saws, due to the manner in which 
the cutting stretch of the band or blade was guided, re 
sulted from the fact that saw bands inevitably are not 
uniform in width, and also, despite all precautions to the 
contrary, it is practically impossible to produce a saw 
band or blade which is absolutely straight. A certain 
amount of so-called "dog leg' is ineScapable. 
These inherent characteristics of band saw blades, plus 

the periodic "hang-up" in the descent of the saw frame 
caused by binding at the guide posts or in the hydraulic 
cylinders, resulted in very serious variations in loading 
upon the band and, of course, also upon the drive mecha 
nism therefor. 
To illustrate, using the conventional prior art saw guides 

and backups, a variation of as much as 114 lbs. in the 
loading of the band was observed at one of the two guides, 
and 99 lbs. at the other, in one revolution or cycle of the 
band. The present invention reduced these variations to 
only 28 lbs. and 15 lbs., respectively. 
The present invention overcomes the indicated object 

tions of the prior art through its use of an improved back 
up bearing structure. This backup bearing, instead of 
being secured in a fixed position, has a degree of up and 
down movement with respect to the frame or head. In 
addition, it is resiliently or yieldably urged in the direc 
tion towards the saw band so as to follow and sense the 
position of the band as it flexes under reaction forces 
thereon during sawing, and to maintain a substantially 
constant sawing force on the band, compensating for dog 
leg and variations in band width and for momentary 
interruptions any interference to smooth descent of the 
saw head by "hang-up' or binding at the guide posts 
upon which the head or frame slides and in the hydraulic 
cylinders which regulate the descent of the head. 

This is, of course, a significant and important advan 
tage and improvement over the art; but the present inven 
tion has an even greater value. 
An important consideration in the economical and 

efficient operation of a band sawing machine is the cutting 
rate at which the machine is operated, and which is de 
fined as square inches of cut per unit of time, For each 
material, and also for each saw, there is an optimum 
cutting rate at which performance of the machine is most 
economical and efficient. Substantial variations from this 
cutting rate, either upwardly or downwardly, can bring 
about a material reduction in operating economy, having 
in mind not only blade life of the saw band itself but also 
such considerations as the costs of labor and overhead. 
Consequently, it is exremely desirable to maintain the 
cutting rate as uniformly as possible at the optimum rate. 

While reduction in variations in band loading goes a 
long way toward achieving a uniform cutting rate, varia 
tions in the cross section of the work being cut are by far 
the most serious source of this difficulty. For instance, 
assume that a cut is being made through a piece of steel 
twelve inches wide. For this particular material, and for 
the particular saw blade being used, there is an optimum 
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cutting rate. If now, the cross section of the work piece 
is such that as the cut deepens, the width of the piece 
abruptly changes to two inches, then, obviously, unless 
the feeding force is also correspondingly reduced to effect 
an appropriate adjustment in feed rate, the cutting rate 
will be greatly increased and the saw no longer will be cut 
ting at the optimum rate. 
Of course, the machine could be manually readjusted, 

but this is obviously objectionable if automatic compensa 
tion can be had. The present invention provides it. 

Hence, it is one of the most important objectives of 
this invention to provide a feed control for machine tools, 
and especially band saws and band-type cutoff saws, by 
which the feeding force is automatically adjusted when 
ever necessary to maintain a substantially uniform cutting 
rate. 
More specifically, it is the purpose of this invention to 

provide a control for the feed of a band saw and band 
type cutoff saw, whereby the feed rate is at all times 
corelated with the cross section of the work being cut. 

Another object of this invention is to provide an im 
proved band guide and feed control for band saws and 
band-type cutoff saws, which is characterized by a bodily 
movable control element which moves along the path of 
the feeding motion of the machine and relative to the 
carrier for the band, in strict conformance with such mo 
tion of the band or blade, and by its said motion directly 
controls the feed force in a way to maintain a substan 
tially uniform cutting rate despite changes in cross section 
of the work being cut. 
With the above and other objects in view which will 

appear as the description proceeds, this invention resides 
in the novel construction, combination and arrangement 
of parts substantially as hereinafter described and more 
particularly defined by the appended claims, it being un 
derstood that such changes in the precise embodiment of 
the herein disclosed invention may be made as come within 
the scope of the claims. 
The accompanying drawings illustrate two complete 

examples of the physical embodiments of the invention 
constructed according to the best modes so far devised 
for the practical application of the principles thereof, 
and in which: 
FIGURE 1 is a front view of a cut-off saw like that of 

Patent No. 2,898,669, equipped with the improved saw 
guide and feed control of this invention, parts of the view 
being broken away, and the saw head being shown raised 
and about to be lowered onto the work; 
FIGURE 2 is a view essentially in vertical section 

through both guide units, the one at the right being the 
control guide unit, i.e., being the unit which actually con 
trols the descent of the saw head, said view being at a 
scale considerably larger than that of FIGURE 1; 
FIGURE 3 is a detail sectional view through FIGURE 

2 on the plane of the line 3-3, to illustrate particularly 
the side guides for the band or blade; 
FIGURE 4 is a diagrammatic view of the entire control 

System, illustrating the same in the condition it is when the 
machine is in operation sawing through a piece of work; 
FIGURES 5, 6 and 7 are fragmentary diagrammatic 

views collectively illustrating how the control system 
achieves a substantially constant sawing or cutting rate, 
despite changes in the cross section of the work and the 
feeding force required; and 
FIGURE 8 is a view more or less diagrammatically 

illustrating the application of this invention to a conven 
tional band saw equipped with a power driven work feed 
table. 

Referring now particularly to the accompanying draw 
ings, and especially to FIGURES 1 and 2, the numeral 10 
designates the base of a band-type cutoff saw similar to 
that forming the subject matter of the Crane et al. Patent 
No. 2,898,659. 
Mounted upon the base 10 for translatory vertical 

movement is a saw carrying head or frame, designated 
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4. 
generally by the numeral 11. This frame is substantially 
U-shaped and has its arms disposed at opposite sides of 
a work supporting table 12 on the base to embrace the 
work W set upon the table with the part thereof which is 
to be cut, in the work zone. Pulleys 13, at least one of 
which is power driven, are mounted on the arms of the 
saw carrying frame or head, and trained about these pull 
leys is an endless saw band or blade 14. 

Since the cutoff machine illustrated in FIGURE 1 is like 
that of the aforesaid Crane et al. patent, it is the upper 
stretch of the band which does the cutting. The lower 
stretch is at all times disposed beneath the work supporting 
table 12, even in the fully raised position of the head, in 
which position it is shown in FIGURE 1. 
The frame or head 11 slides upon a pair of vertical 

posts 15 rigidly mounted on the frame; and hydraulic 
cylinders 16 having their rams connected to the base 
provide power means to elevate the frame or head. The 
posts are relativly widely spaced, and the connection be 
tween the frame or head and the posts is provided by a 
pair of widely spaced bearings (not shown) on each arm 
of the frame, in which the posts are slidably received. 
In addition, in the hope of constraining the frame or head 
to exactly translatory motion, the opposite ends of the 
frame or head are connected with the base by a linkage 
and torque bar device 17, which has as its purpose to 
constrain both ends of the frame to move in unison as 
the frame is raised and lowered. 

Theoretically, therefore, the frame or head should be 
incapable of any motion other than true vertical trans 
lation, and its descent by gravity (no matter how slow) 
as well as its power actuated elevation should be smooth 
and uninterrupted. Hang-up or binding, either at the 
guide posts 15 or in the hydraulic cylinders 16, should 
not occur. However, in practice, this ideal condition does 
not exist. There is always a certain amount of "hang 
up' of the head as it descends during operation of the 
machine, and, because of it, the feed of the saw band 
through the work W is not smoothly continuous. In the 
past this resulted in a seriously fluctuating band load, 
poor cutting accuracy and/or poor surface finish. 
The work W is held in position upon the base by co 

operating hydraulically actuated vise jaws 20, but since 
the present invention is not concerned with the way 
these jaws are actuated or controlled, this feature of the 
machine has not been illustrated. 
The axes of the pulleys 13, of necessity, are more 

nearly horizontal than vertical, but the cutting stretch of 
the band must be vertical, that is, the band must have 
its faces exactly parallel to the direction of feed motion. 
It follows, therefore, that this stretch of the band must be 
twisted and held exactly vertical as it enters and leaves 
the work Zone. This is accomplished by a pair of right 
and left guide units, respectively designated by the nu 
merals 22 and 23. The right-hand guide unit 22, as will 
be hereinafter more fully developed, controls the down 
feed of the saw head; the other unit 23, which is at the 
left side of the work Zone, may be considered as a fol 
lower, from the standpoint of feed control. 
The guide units 22 and 23 are mounted upon the saw 

head or frame 11 in a manner enabling them to be ad 
justed toward and from one another to narrow or widen 
the work zone within the capacity of the machine. To so 
mount the guide units, they are respectively fixed to arms 
24 and 25, which in turn are longitudinally slidably re 
ceived in ways machined into brackets 24-25' on the 
frame or head. The machined ways are exactly in line 
with one another and parallel with the upper stretch of 
the band, so that in any position of adjustment the arms 
24 and 25 hold the guide units in position to constrain 
that part of the upper stretch of the band spanning the 
guide units to travel in a vertical plane, with its toothed 
edge facing downwardly. 

Clamping screws wih with hand wheels 26 are pro 
vided to clamp the arms 24 and 25 in any adjusted posi 
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tion, which for best results is that at which the guide units 
are closely adjacent to the opposite sides of the work to 
be cut. 
To the extent that the guide units 22 and 23 function to 

guide and hold the cutting stretch of the saw band in 
a vertical plane, they are substantially identical. Thus, 
each has a pair of cooperating guide shoes 27 at the under 
side of its body casting to slidingly engage the opposite 
sides of the saw band or blade and hold it firmly in its 
proper vertical disposition as it travels through the cut 
ting zone. FIGURE 3 perhaps offers the best illustra 
tion of these side guides or shoes, but it should be under 
stood that the specific construction of these guide shoes 
forms no part of the present invention. Preferably, they 
are like the guide shoes illustrated in FIGURE 6 of the 
copending application Serial No. 707,967, now Patent 
No. 2,934,106. 

In addition to the guide shoes 27 which engage the 
sides of the band, the guide units 22 and 23 have backup 
bearings or rollers respectively designated by the general 
reference characters 28 and 29, against which the back 
edge of the band bears, and by which the feeding force is 
applied to the band. These backup bearings or rollers 
comprise spindles 30-31, freely rotatably mounted in 
vertical bores 32-33 in the body casting of the two 
guide units. At their lower ends, the spindles have down 
wardly facing flat surfaced heads against which the back 
edge of the saw band bears. So that the spindles will 
turn as the band passes under them, the engagement of 
the band with their downwardly facing surfaces is closer 
to the edges of the heads than their centers. The diam 
eter of the heads is slightly less than that of the lower 
ends of the bores, which are somewhat reduced to pro 
vide upwardly facing shoulders 32-33', so that the 
spindles together with their bearings may be inserted into 
the bores from the top. 
A distinguishing characteristic of the backup rollers is 

that their spindles 30–31 have a degree of free axial mo 
tion in their respective bores. The purpose of this limited 
axial freedom will be discussed hereinafter. At this point, 
the explanation will deal only with the structure by which 
the backup rollers are mounted to be both freely rotatable 
and axially movable within limits. Thus, the spindle of 
each backup roller is supported in a pair of axially spaced 
upper and lower ball bearings 34 and 35, respectively. 
The outer races of these bearings have a free sliding fit 
in their respective bores 32-33, and in each case the 
outer race of the lower bearing seats upon the adjacent 
shoulder (32-33') to define the limit of downward 
axial motion permitted the backup rollers. 

Interposed between the upper and lower bearings 34 
and 35 are thrust bearings 36, the lower races of which 
have a thrust transmitting connection with the inner races 
of the lower bearings 35, either directly or through a 
spacer; and since these inner races of the bearings 35 
seat upon upwardly facing shoulders on the spindles, up 
ward end thrust inparted to the backup rollers is trans 
mitted to the thrust bearings. The upper races of the 
thrust bearings 36 are arranged to transmit upward end 
thrust to the outer races of the upper bearings 34 through 
washers 38. To avoid engagement between the washers 
38 and the inner races of the bearings 34, the upper faces 
of the washers are relieved, as shown. Hence, upward 
end thrust imposed upon the backup rollers is transmitted 
through the thrust bearings 36 to the outer race of the 
upper bearings 34. 
The upward end thrust transmitted to the outer races 

of the upper bearings 34 is imparted to collars 40, which 
are freely axially movable in the upper enlarged portions 
41 of the bores 32-33. A screw 42 is threaded into each 
collar and locked in an adjusted position by a lock nut 43, 
and in the uppermost end of each screw is a socket in 
which a ball 44 seats to provide a thrust transmitting 
connection between each spindle and a valve spool slid 
ably mounted thereabove, this ball connection accom 
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6 
modating any possible misalignment between the spindle 
and the valve spool. Since the valve spools of the two 
guide units are not alike, either in structure or in func 
tion, they will be separately described. 
The left-hand guide unit has a valve body 45 seated 

upon and secured to the top of its body casting across the 
top of its bore 32; and coaxially communicating with 
the bore 32 the valve body 45 has a cylindrical valve 
spool chamber 46. In this chamber is a slidably mounted 
valve spool 47, the lower end of which is seated upon the 
ball 44. A spring 48 confined between the upper end of 
the valve spool and the underside of a plug 49 threaded 
into the upper end of the chamber 46, yieldingly urges the 
valve spool 47 downwardly. Since the valve spool abuts 
the plug 49 in its uppermost position, the threaded en 
gagement of the plug 49 in the end wall of the chamber 
46 provides an adjustment for the axial travel permitted 
the spool 47 and the backup bearing or roller 29. 

Three ports 50, 51 and 52 open to the valve spool 
chamber 46; the port 50 leading to the upper end of the 
chamber and the other two ports opening to the side of 
the chamber at axially spaced points. 
The valve spool 47 controls communication between 

the ports to either disconnect the port 50 from both of the 
other ports 51 and 52, or connect the port 50 with one 
or the other of the ports 51-52. For this purpose, the 
spool has an internal passage (or passages) 53 leading 
from its upper end to a groove 54 encircling the spool 
medially of its ends. The width of this groove is less 
than the shortest distance between the side ports 51 and 
52 so that in its neutral position the spool disconnects 
the port 50 from both side ports. Slight endwise motion 
of the spool, however, connects either the side port 51 or 
the side port 52 with the port 50, depending upon whether 
its endwise motion is upward or downward. 
The spool 47 serves not only as a movable valve mem 

ber but also as a piston. Fluid pressure in the upper por 
tion of the valve chamber 46 exerts a downward force 
upon the top of the spool. This force is, of course, in 
addition to that applied upon the spool by the spring 48, 
and ordinarily is far in excess of the spring force, so that 
essentially it is the fluid pressure in the upper end of the 
chamber which determines the feeding force applied to 
the saw blade by the backup bearing or roller 29, and the 
magnitude of this fluid pressure determines where-be 
tween its upper and lower limits-the backup bearing or 
roller 29 will float with respect to the saw head. The 
value and purpose of this “floating” disposition of the 
backup bearing or roller 29 will be brought out herein 
after. 
At the right guide unit 22, which is the feed control 

unit, a valve body 60 is seated upon and secured to the 
top of its body casing. This valve body 60 has a vertical 
bore 61 extending therethrough coaxially of the bore 32. 
Slidably mounted in the bore 61 is a valve spool 62 which 
also serves as a piston. The medial portion of this spool 
is reduced in diameter as at 63 to form an annular pas 
sage which provides controllable communication between 
ports 64 and 65, that open to the side of the bore 61 at 
vertically spaced points, the former terminating in an 
annular chamber or cavity 64 which encircles the spool. 
A stem 66 projects axially downwardly from the spool 62 
and into the bore 32 to bear upon the adjacent ball 44. 
A compression spring 67 reacting between the upper 

end of the valve spool 62 and the underside of a plug 68 
threaded into the upper end of the bore 61 biases the 
spool and the back-up bearing or roller 28 towards 
their lowermost positions with respect to the saw head 
or frame, which positions are defined by the engage 
ment of the bearing 35 with the shoulder 32". The 
spring 67 exerts a biasing force on the saw band which 
urges it in the same direction as the restoring force in 
herently in the band during sawing, which restoring 
force, of course, always tends to return the cutting stretch 
of the band to its normal straight condition from the 
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edge wise bowed condition to which it is flexed under the 
reaction force thereon during sawing. The upper limit 
of the permitted axial motion of the valve spool and back 
up bearing or roller is defined by the plug 68 and hence 
is adjustable. 

In addition to the downward force applied by the 
spring 67, fluid pressure is also exerted on top of the 
valve spool 62. This fluid pressure results from having 
a port 69 in the upper end of the cylinder 61 connected 
with a source of fluid under a pressure that can be adjusted 
to suit sawing requirements pressure through a port 69. 
When the back-up bearing or roller 28 and the valve 

spool 62 float in their neutral or medial positions, the an 
nular passage 63 is so disposed with respect to the upper 
edge of the annular chamber or cavity 64 and the port 
65, that a predetermined relatively small degree of com 
munication is established between ports 64 and 65 and, 
as will be hereinafter more fully described, it is the ex 
tent of the communication between these ports which 
controls the rate of descent of the saw head or frame. 
The lower end portion of the bore 61 is divided by 

a barrier 70 into axially spaced cylinders 71 and 72. 
Functionally, this barrier could be an integral part of 
the body 60, but to allow for assembly, the barrier is a 
separate part secured in place by snap rings, as shown. 
The stem 66 passes slidably through the barrier 70, and 
to prevent leakage suitable seals are provided, both at 
the wall of the bore 6 and at the stem 66. 
A piston 73 is secured to the stem 66 to operate in the 

lower cylinder 72, the securement again being preferably 
made by snap rings which, in this case, engage the stem. 
The cylinders 71 and 72 contain fluid under pressure, 
and if the pressures within the two cylinders were equal, 
they would have no effect, one way or the other, upon 
the floating valve spool 62 and the backup bearing or 
roller 28. On the other hand, if the pressure in the 
lower cylinder drops relative to that of the upper cylinder, 
the upwardly acting forces exerted on the valve spool 62 
will be proportionately increased, and as a result, as 
suming that all other forces remain unchanged, there will 
be an upward displacement of the spool. The significance 
of this feature will become clear as the description pro 
ceeds. 
To enable the cylinders 71 and 72 to have fluid pres 

sure manifested therein, they have ports 74 and 75, 
respectively, through which the cylinders may be con 
nected with a source of fluid under pressure. 

THE HYDRAULIC CONTROL SYSTEM 
AND ITS OPERATION 

The essential elements of the hydraulic feed control 
system are illustrated in FIGURE 4. As here shown, a 
pump 80 takes oil or other suitable hydraulic fluid from 
a tank 81 and delivers it to the system port 69 in the 
top of the valve body 60 at a pressure determined by 
the setting of an adjustable back pressure valve 82 in a 
by-pass line containing a restriction 82' and connecting 
the discharge side of the pump with the tank. Prefer 
ably this adjustable back pressure valve, and also a pres 
sure gage connected in the line ahead of the valve, are 
mounted on the control panel of the machine (not 
shown), since it is the setting of this valve which deter 
mines the feeding force, and the back pressure valve is 
thus one of the controls which enables the operator to se 
lect a desired cutting rate. 

In FIGURE 4, the system is illustrated in the condi 
tion which obtains when the saw is in operation and 
cutting through a piece of work. This means that the 
main manual control valve of the system, indicated gen 
erally by the numeral 87, is in its "Operating' position 
at which it establishes communication between the hy 
draulic cylinders 16 and the tank 81. However, before 
cutting could begin, the saw head or frame had to be 
elevated and, to do so, the control valve 87 was shifted 
to its "Elevate" position (shown in dotted lines in FIG 
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URE 4), in which position the discharge side of the 
pump was connected to the cylinders 16, the connection 
from the valve to the cylinders being through a line 88 in 
which a check valve 89 is located. Since the valve 87 is 
connected with the outlet of the pump upstrealin from the 
resiriction 82', the full output picssure of the pump will 
be available to lift the head II. On the other hand, as 
will be readily appreciated, the restriction 82 prevents 
any significant waste of power since it limits thic annount 
of pump output fluid which is bypassed to the tank 
throitgh the back pressure valve 82. 
As long as the control waive 87 is in its "Elevate" posi 

tion, the cylinders 16 not only support the entire weight 
of the saw head but hold it against descending. As soon 
as the valve 87 is shifted to its “Operating' position, fluid 
flows from the cylinder cylinders and the saw head be 
gins to descend. The rate at which it descends depends 
upon how fast the hydraulic fluid can leave the cylinders 
16 and this, in turn, depends upon the extent of the com 
munication between the ports 64 and 65 in the body 
60 of the feed control unit, since these ports and the 
annular chamber or cavity 64 to which the port 64 
opens, are connected in the return from the cylinders to 
the tank. This return comprises the line 88, a line 90 
which has an adjustable orifice 9i connected therein for a 
purpose to be hereinafter described, the cylinder 61, a 
line 92, the valve 87, and a line 93. 

Until the saw blade engages the work, the descent of 
the saw head and, hence, the velocity of the feeding mo 
tion is maximum, since at this time the communication 
between the ports 64 and 65 is maximum as a result of 
the spool 62 being in its lowermost position. It is held 
in its lowermost position by the spring 67 and the fluid 
pressure manifested in the upper end of the bore 61 as 
as a result of the port 69 being connected with the 
pump by-pass line downstrean from the restriction 82 

through a line 84. The magnitude of this fluid pressure 
is, of course, determined by the setting of the back pres 
sure control valve 82. 

Until the saw blade engages the work, the spool 47 
in the left-hand guide unit is also in its lowermost posi 
tion, being held there by the spring 48. With the spool 
47 in its lowermost position, the ports 50 and 52 are 
communicated and, as a result of that communication, 
there is no fluid pressure above the spool 47 nor in an 
accumulator 83 which is at ail time times connected 
with the upper end of the bore 46, the communication be 
tween ports 50 and 52 having connected the accumulator 
and the upper end of the bore 46 with the tank 81 through 
a line 99. 

Obviously, in the case of a cut-off saw of the type hav 
ing a vertically movable head, the weight of the head pro 
vides a force far in excess of that needed to feed the saw 
through the work as the head descends. This substan 
tial force is resisted by the desired feed force between the 
saw blade and the work being sawed, and which feed force 
is predetermined by the setting of the valve 82; hang-up 
or any other resistance to smooth descent of tie head: 
and the pressure of fluid in the cylinders 16. By control 
ling the latter, which is done by throttling or regulating 
the exhaust flow of fluid from the cylinders through the 
ports 64 and 65, the cutting rate is kept constant and at 
the desired value regardless of substantial increases in the 
force which the head may have to cxert from time to 
time in overcoming resistance to smooth and unhindered 
descent thereof. 
When the saw blade comes into contact cutting en 

gagement with the work, such engagement imposes an up 
ward reaction force upon the spool 62 of the righthand 
guide unit , which. This reaction force hows the saw 
blade and is thus opposed by the inherent restoring force 
of the blade. It is also opposed by opposes the down 
ward biasing force exerted by the spring 67 and the fluid 
pressure manifested in the upper end of the bore 61 

, and moves the spool. The spool thus moves upward 
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ly in its bore until the all of these forces acting on the 
Spool are in equilibrium. As the blade cuts through the 
work, the spool may at any time move relative to the head 
in either direction parallel to the path of feeding motion, 
and it does so in order to maintain a bias upon the saw 
blade which urges it in the direction toward the work 
with a force that remains substantially unchanged so long 
as there is no change in the length of the cut, as deter 
mined by the cross section of the work piece. Thus the 
feeding force is independent of feeding velocity of the saw 
head, or more particularly the force which the head ex 
erts in order to achieve the desired cutting rate despite 
opposition to snooth descent of the head. Constant cut 
ting rate as predetermined by the adjustment of the back 
pressure control valve 82 is thus achieved because of the 
capability of the support 28 for motion independently of 
the head , and is determined by the adjustment of the 
back pressure control valve 82 which regulates the pres 
sure in the system. 
To appreciate how the adjustment of the hydraulic 

pressure in the system determines the feed force that is 
exerted upon the saw blade, it must be realized that the 
valve spool 62, in association with the ports it controls 
and the pressure of the spring 67, acts as a servo. 
The purpose of the spring is to provide a force which, 

like the restoring force inherent in the saw blade, varies 
With the position of the blade and the spool, and this 
makes the device a proportional control. Thus, if the 
effect of pressure differential in the cylinders 71 and 72 is 
discounted for the moment and for ease of explanation, 
the forces acting upon the spool 62 will be the hydraulic 
force and spring force on top of the spool and the op 
posing or reaction force of the saw band or blade against 
the backup bearing 28. If the latter force, i.e. the force 
of the band or blade against the backup bearing requires 
a downward force of 180 pounds to hold the spool at its 
control point or normal position, a decrease in this re 
action force to 179 pounds would allow the combined 
spring and hydraulic force to move the spool downward 
until the spring force decreased by one pound, whereupon 
the spool would come to rest. But in its new position 
the communication between the ports 64 and 65 would be 
slightly greater than it had been, allowing more fluid 
to flow from the head cylinders 16, and thereby restore 
the downward force to 180 pounds. Had the band force 
(the upward or reaction force) decreased to 178 pounds, 
the spring would have moved the spool proportionally 
further farther and the orifice formed by the communi 

cation between the ports 64 and 65 would have been pro 
portionally greater. 

This action always tends to drive the spool 62 back 
to its control point, and in So doing, provides smooth 
recovery from changed load conditions. 
The location of the control point or "normal position' 

of the valve spool 62, thus is mainly a function of the 
reaction force upon the saw band speed at which the 
head descends and the fluid flows out of its cylinders 16. 
The total “float' or motion of the spool permitted by its 
stops is only ; of an inch above and 42 of an inch 
below its control point; and the variation in location of 
the control point due to difference in the quantity of 
fluid passing through the orifice (from port 64 to port 
65) varies by only .005 or .006 of an inch. 
The throttling effect upon the flow of fluid from the 

cylinders, of course, retards the descent of the saw head, 
and hence the amount of throttling that takes place at 
ports 64 and 65 controls the velocity of descent of the 
head and the force under which the saw band is engaged 
with the workpiece. The valving action at those ports is 
such as to so regulate the downward velocity of the head 
that it in effect follows the back-up bearing 28. 
To adapt the machine to the cutting of different metals 

and different cross sectional shapes, the back pressure 
control valve 82 should be able to adjust the pressure in 
the system line 84 through a wide range which, for pur 
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poses of illustration, may extend from a high of 500 lbs. 
to a low of 20 lbs. No matter what the adjustment of 
the hydraulic pressure is, the backup bearings or rollers 
28 and 29 and, of course, their respective valve spools, 
normally will float Sonne where between their upper and 
lower limits of movement with respect to the saw head 
or frame. As sawing conditions and pressures in the 
systein forces on the saw band vary, the backup bear 
ings or rollers will seek different normal positions inter 
mediate their limits. 

If the work being sawed is of uniform width and 
uniform hardness, and if it could be assumed that nothing 
would interfere with the smooth uniform gravity produced 
descent of the saw head, and if the width of the saw 
band were absolutely uniform and the band were entirely 
free from dog-leg, the sawing operation would proceed 
uniformly at a predetermined rate and neither backup 
bearing nor roller 28 or 29 would move either up or 
down from its normal or neutral position with respect 
to the saw head or frame. But, in practice, these ideal 
conditions do not exist. 

Therefore, unless the possible variabies are compen 
Sated, band loading is apt to be erratic, cutting accuracy 
suffers, and the maintenance of an optimum cutting rate 
is impossible. Variations in band width and dog-leg 
which heretofore produced a fluctuating band loading, are 
practically entirely offsct by the fact that the backup 
bearings or rollers 28 and 29 are yieldingly maintained 
in their normal positions. Thus the passage through the 
work Zone of a too-wide portion of the band will merely 
cause the back-up bearings or rollers 28 and 29 to rise 
slightly, whereas a suddenly encountered decrease in 
band width will simply allow the backup bearings or 
roliet's to drop slightly. Dog-leg will be accommodated 
in the same way. 
Such up and down floating of the backup bearings or 

roliers caused by variation in band width and/or dog-leg, 
may be as much as twenty thousands of an inch, and as 
can no doubt be appreciated, the up and down floating 
of the backup bearings or rollers takes place without 
materially increasing or decreasing the loading upon the 
teeth of the band or blade. 

if a hard spot in the metal is encountered, or when 
the SW blade enters upon a wider cross section in the 
Work, both backup bearings or rollers and their respec 
tive valve spools will be displaced upwardly from their 
normal position by the increased reaction of the work 
against the saw blade. The lipward displacement of the 
valve spool 62 will decrease the communication between 
portS 64 and 65 and slow down the descent of the saw 
head, but feeding force will be maintained. As the 
rate of descent of the head decreases, the downward bias 
upon the right-hand back-up bearing 28, exerted by the 
spring 69: 67 and the afore inentioned inherent restor 
ing force of the saw hilade and hydraulic pressure in the 
cylinder 61 acting through the spool 62, will maintain 
the feeding force, at least until the lower limit of rela 
tive motion between the backup bearing or roller and the 
saw head is reached; and at the left-hand guide unit or 
follower, the feeding force will be similarly maintained 
by the connection of the accumulator 83 and the valve 
spool chamber 46 with the high pressure side of the 
system, as a result of communication between the ports 
S and 5. 

In the event descent of the saw head or frame is momen 
tarily interrupted or slowed down by means other than 
the reaction of the work against the saw blade, as, for 
instance, by binding or hang-up at the guide posts or 
the hydraulic cylinders, the feeding force will be main 
tained by the downward bias upon forces urging the 
backup bearings or rollers and the saw hilade don't- 
1'ardly. Not only will this downward bias maintain the 
feeding force but, by increasing the communication be 
tween the ports 64 and 65, the counterbalancing effect 
of the hydraulic fluid in the cylinders 16 will be decreased. 
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This, of course, nakes more of the force derived from 
the weight of the head available to move the head down 
wardly against any forces that had momentarily retarded 
its motion, without imposing such increased force upon 
the saw band. As a result, the condition causing the mo 
mentary hang-up or binding will be more readily and 
more quickly corrected. 

In the foregoing description of the control system and 
its manner of operation, it has been shown how this in 
vention maintains substantially uniform cutting and sub 
stantially uniform band loads, despite interference caused 
by varying band width, dog-leg, hard spots in the metal 
being sawed, and hang-up or binding which produces 
monentary interruptions in the descent of the saw head. 
But there is still another condition which will seriously 
affect the cutting rate. This is variation in the cross Sec 
tion of the work piece being sawed. 
A changing cross section or, more accurately, differ 

ences in the length of the cut being made, will affect the 
cutting rate unless the feed rate is appropriately adjusted. 
To help visualize this point, the work piece, where shown, 
is in the form of an H bar so placed that the cut is first 
made through one of the flanges. This placement of the 
work piece has been chosen for illustrative purposes, de 
spite the fact that in practice it may be more logical to 
place the bar with its flanges vertical and gripped by the 
wise jaws, 

If the cross sectional size and shape of each flange 
of the H bar is the same as that of the web, for instance, 
each 2' x 12', it follows that if a uniform cutting rate 
is to be maintained, the saw must cut through each flange 
in the same time that it takes to cut through the web. 
In each case, 24 square inches must be cut. Since the 
force required to feed the saw through the work varies 
with the length of the cut being made, the feeding force 
needed to cut through the flange, as in FIGURE 5, must 
be greater than it is when the saw is cutting through 
the web, as in FIGURE 7, if the cutting rate is to be kept 
constant. 

Conversely, as soon as the blade cuts through the top 
flange and begins its cut down through the web, as shown 
in FIGURE 6, the feeding force must be abruptly re 
duced to a value below that of the force that had been 
applied on the blade as it cut through the flange. 
To effect the required adjustment of the feeding force 

is the function of the cylinders 71 and 72 and the adjust 
able orifice 91. The manner in which these elements 
function to effect their purpose will now be described, 
and it is suggested that reference be had particularly to 
FIGURES 5, 6 and 7. 
As already brought out, the hydraulic fluid leaving the 

cylinders 16 flows through the adjustable orifice 91 on 
its way to the port 64. The static pressure in the line 
downstream from the orifice 91 is manifested in the lower 
cylinder 72 since its port 75 is connected with the line 
88 downstream of the orifice. The static pressure up 
strean of the orifice is manifested in the upper cylinder 
71, since its port 74 is connected with the line 88 up 
stream of the orifice. 

Hence, the pressure in the upper cylinder 71 is not af 
fected by the rate at which the fluid leaves the cylinders 
16, but the pressure in the lower cylinder 72 is affected 
by this rate. This follows from the fact that as the ve 
locity of the fluid flowing through the orifice 9 increases, 
in consequence of decreased restriction between ports 
64 and 65, the static pressure downstream of the ori 
fice decreases. Any differential in the pressures. The 
magnitude of the pressure differential in the cylinders 71 
and 72 thus is a measure of the velocity of the feeding 
motion or, in other words, the descent of the saw head. 
As the saw blade breaks through the fiange and begins 

its cut down through the web (FIGURE 6) there is an 
abrupt reduction in the reaction of the work against the 
saw blade. With this reduction in reaction, the spool 
62 is forced downwardly in its cylinder 61 and, as a re 
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sult, the communication between the ports 64 and 65 is 
increased. This allows the fluid to flow from the cylin 
ders 16 at a much more rapid rate and thus increases the 
velocity of the flow through the orifice 91. As a result 
of the increased flow through the orifice 91, the pressure 
in the lower cylinder is less than in the upper cylinder 71. 
With this pressure differential in the cylinders 71 and 

72, a new upward force is applied upon the control spool 
62. This added upward force shifts the spool 62 up 
wardly and thereby reduces the communication between 
the ports 64 and 65, which, in turn, proportionately re 
duces the rate of descent of the head the resistance to 
saving is suddenly diminished and there is a correspond 
ing abrupt reduction in the reaction of the work against 
the saw blade. Hence, the saw is suddenly able to cut 
natch faster and the spool 62 in the cylinder 6 I would 
nove rapidly downwardly as a result thereof, to a posi 
tiori such as seen in FIGURE 6, if it were not for the 
conpensating and modulating effect of the cylinders 71 
and 72, Hosen'er, as soon as the spool begins to move 
down wardly from its position shown in FIGURE 5, fluid 
from the cylinders 16 exhausts through the orifice 91 
and ports 64 and 65 at an increased rate, to thus effect 
a proportionate decrease of pressure in the lower cylin 
der 72 of the servo valve, while the pressure in its upper 
cylinder 71 remains the same. This, of course, has the 
effect of adding upward bias on the spool of the servo 
valve and of correspondingly resisting and controlling 
its down 'ard niotion. As a result, the spool conies to 
rest in a nes' position, as for instance that shown in FIG 
URE 7, which is lower than that it had occupied previous 
ly, to establish whatever degree of increased conniuni 
cation between the ports 64 and 65 and 'hatei'er de 
creased pressure in the lower cylinder 72 is needed to 
bring all the forces acting upon the spool into cquilibri 
in. The net result is a substantially uniform cutting rate, 
despite the abruptly narrowed width of the work being 
Cut. 
The response and effect of the compensating cylinders 

71 and 72 is most pronounced at times 'hen there are 
sudden increases or decreases in reaction forces on the 
saw hand, such as occur during sawing of H beans and 
other work pieces presenting abruptly changing cross 
sections to the saw. Those skilled in the art will appreci 
ate, however, that the compensating cylinders can func 
tion under all sawing conditions, including those where 
the cross section of the ''Ork piece being sawed changes 
very gradually to maintain a substantially itniform cilit 
ting rate. 
Although for most materials no adjustment is needed 

at the orifice 91, it is preferable that the orifice be adjust 
able. Its adjustment is conveniently effected by first set 
ting the pressure control valve 82 for the feeding force 
needed to achieve the optimum cutting rate for the given 
material and the appropriate saw blade, and then a test 
sample 12' wide and 2' thick (comparable to one of the 
flanges of the H beam shown as the work piece) is cut, 
with the saw traversing the 12' dimension. After that 
section has been cut, the test piece is mounted edgewise. 
The orifice is now adjusted until the time required to cut 
through the piece in this position is the same as that 
needed to make the first cut. 

Since the backup bearing or roller 29 (the follower) 
moves toward its lowermost position with respect to the 
saw head when the reaction of the work against the saw 
blade abruptly decreases-as when the saw blade breaks 
through the flange and begins its cut through the web of 
the work piece, and since this bearing or roller should 
“float' medially of its upper and lower limits during the 
cutting, the pressure exerted upon its valve spool 47 should 
be reduced when the bearing or roller 29 moves down 
ward from its normal medial position. This is accom 
plished as a result of communication between the ports 
50 and 52. 
When the ports 50 and 52 are connected by downward 
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displacement of the spool 47 in its cylinder or chamber 
46, some of the fluid in the accumulator flows out to the 
tank through a line 99 which leads from the port 52 and, 
as a result, the pressure above the spool 47 is reduced, al 
lowing the backup bearing or roller 29 to resume its nor 
mal position somewhere between its upper and lower 
limits of motion. 

Conversely, as already explained, when the backup 
bearing 29 is moved upwardly from its normal position 
port 50 is communicated with port 51 to send fluid under 
pressure from the pump to the accumulator 83 and the 
upper portion of the cylinder 46, which fluid supplements 
the downward biasing force of the spring 48 and returns 
the spool to its normal position. 

THE MODIFIED EMBODIMENT OF THE 
INVENTION-FIGURE 8 

In FIGURE 8, the invention has been illustrated as 
applied to a conventional band saw in which the saw band 
or blade 100 travels downwardly through the work Zone 
and the work W is carried by a horizontal work support 
ing table 101. The work supporting table is mounted for 
horizontal traverse to feed work thereon to the saw blade. 
A hydraulic cylinder 102 mounted on the frame of the 
machine and having its ram 102’ connected with the table, 
provides power means for advancing and retracting the 
table. Thus, by feeding fluid under pressure into one end 
or the other of the cylinder, the table may be advanced 
or retracted, and by controlling the flow to the cylinder, 
the feeding or cutting force may be regulated. 

Hydraulic pressure is manifested at either end of the 
cylinder 102 by actuating a main control valve 103 from 
one extreme position to the other. With the valve 103 
in the position shown, a pump 180 delivers fluid at full 
pressure to a pressure line 104, and at the same time fluid 
pressure of a magnitude determined by the setting of an 
adjustable back pressure valve 182, is applied through a 
line 184 upon a valve spool 162. In this case also, the 
back pressure valve 182 is located in a by-pass line con 
taining a restriction 182, and the control valve is con 
nected to the pump upstream from this restriction while 
the pressure line 184 leading to the servo valve is con 
nected to the by-pass line downstream from the restriction. 
The pressure line 104 has a variable orifice 191 con 

nected in it, and leads to port 164 of a cylinder 161 which 
is fixed with respect to the frame of the machine. The 
control spool 162 slides back and forth in the cylinder 
161, to control communication between port 164 and a 
port 165, and as in the other embodiment of the inven 
tion, the spool is connected with a backup bearing or 
roller 129 to move in unison therewith. The backup 
bearing or roller supports the cutting stretch of the saw 
blade against the thrust of the work thereon, and a spring 
167 and the hydraulic pressure applied through line 184 
yieldingly urges the spool and backup towards the saw 
blade. 

Since the work has not yet engaged the saw blade (in 
FIGURE 8) the spool 162 and the backup bearing or 
roller 129 are in their farthest advanced positions, i.e. 
at the limit of their movement toward the saw blade. 
Maximum communication thus exists between ports 164 
and 165, and as a result, the full hydraulic force is ap 
plied through a line 105 to the left-hand end of the cyl 
inder 102. Immediately, the ram 102' begins to move 
toward the right to advance the table 101 and feed the 
work W against the saw band, the fluid discharging from 
the right hand end of the cylinder being led back to the 
tank 181 through a line 106, which connects that end of 
the cylinder with the tank through the valve 103. 
As the work comes into engagement with the saw blade 

and applies its reaction force thereon, the backup bearing 
or roller 129 and the control spool 162 are moved toward 
the right until the reaction balances the inherent restoring 
force in the saw band, the yieldable force provided by 
the spring 167 and the hydraulic pressure in line S4 

5 

30 

5 5 

60 

14 
which together urge with the spring 167 urges the Spool 
towards the saw blade, and, as a result, the degree of 
communication between the ports 164 and 165 is reduced. 
With that reduction, as in the other embodiment of the 
invention, the flow of hydraulic fluid through the duct 105 
is reduced and the advance of the work supporting table 
101 is proportionately slower. 
Inasmuch as the control spool 162 and the backup 

bearing or roller 129 float in an intermediate position, 
all of the advantages heretofore discussed are achieved 
in this adaptation of the invention as well as in the other. 
Variations in band width and dog-leg in the band or blade 
are accommodated by the freedom of the backup bearing 
to move forward and back, and any other condition which 
would have an objectionable effect upon the band loading 
is either climinated or minimized. 

Thus, if there is any reduction in the reaction force on 
the saw blade as a result of increased resistance to smooth 
traverse of the work-supporting table along its 'ways, 
greater force will be made available to overcome such 
resistance and maintain the desired cutting rate. This 
follows from the fact that the spool 162 in sensing the 
consequent reduction in reaction force on the saw band, 
noves in the direction to increase communication be 
tween the ports 164 and 165 and thereby effects relative 
work-feeding notion between the work and the saw band 
with whatever increased force may be needed to maintain 
the desired cutting rate. 

Likewise, when the cross section of the work being 
sawed or, more accurately, the thickness of the piece 
being traversed by the saw blade, is less length of the 
saw blade which is actually engaged with the work is 
shorter, the feeding force is correspondingly reduced, so 
that the cutting rate is maintained substantially constant, 

This result is accomplished in the same way that it was 
in the other form of the invention, i.e. by means respon 
sive to a change in the differential in pressure in cylin 
ders 171 and 172. Cylinder 171 is connected with the 
fluid pressure system downstream upstream of the ad 
justable orifice 191 and the cylinder 172 is connected with 
the system upstream downstream of the orifice. Hence 
when the backup bearing 129 and the control spool 162 
moves begins to move to the left as the reaction of the 

work against the blade suddenly decreases, and the 
communication between ports 164 and 165 is correspond 
ingly enlarged allowing the fluid. As fluid begins 
to flow through the orifice 191 at a faster rate, the result 
ing drop in pressure in the cylinder 172 increases the 
pressure differential in the cylinders 171 and 172 and 
causes force to be exerted acts upon the control spool 
162 to proportionately reduce the communication be 
tween the ports and thereby diminish the feeding force 
resist motion of the spool beyond a position establishing 
whatever degree of communication between the ports 164 
and 165 is necessary to bring all of the forces acting upon 
the spool into equilibrium and thus establish the reduced 
feeding force needed to maintain constant cutting rate. 

It will be noted that in the embodiment of the inven 
tion shown in FIGURE 8, only the control backup bear 
ing or roller has been illustrated. This backup is part of 
the upper band guide unit. There is, of course, a lower 
guide unit below the table 101, and its backup bearing or 
roller may be of the “floating' construction as in the fol 
lower unit 23 of the other embodiment of the invention, 
or it may be a conventional fixed back-up. In fact, most 
of the advantages of the invention would be realized even 
in the cutoff saw embodiment of the invention, if the 
backup bearing or roller 29 of its follower unit were fixed, 
that is, not capable of floating up and down. 
When the work has been sawed and the table is to be 

retracted, the valve 103 is actuated to feed the full pump 
pressure to the right-hand end of the cylinder 102, and 
to enable rapid traverse of the table on its return stroke, 
a check valve 189 conects line 105 with line 104. This 
allows the fluid to by-pass the control unit. 
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Fron the foregoing description taken in connection 
with the accompanying drawings, it will no doubt be ap 
parent to those skilled in this art that this invention con 
stitutes a very significant improvement in band saws and 
band-type cutoff machines and, for that matter, machine 
tools generally, having comparable functions; especially 
because of its attainment of a constant cutting rate despite 
changing conditions which, ordinarily, would cause the 
cutting rate to fluctuate seriously from the selected opti 
num rate. It will also be apparent that the invention pos 
sesses the very important advantage of maintaining a sub 
stantially constant feeding force between the saw teeth 
and the work piece being sawed while sawing a uniform 
cross section, regardless of variations in band width and 
other conditions which heretofore have caused erratic 
band loading. The net result accomplished by the inven 
tion, therefore, is: 

(1) Longer band life-since all parts of the band re 
ceive the same amount of wear. 

(2) Higher cutting rates without overloading the saw 
teeth. 

(3) Straighter cuts at high cutting rates. 
(4) Better finish of the work piece with respect to 

greater accuracy and smoothness of cut. 
What is claimed as my invention is: 
1. In a machine tool of the type having a work Sup 

porting element and a tool carrier element with a cutting 
tool thereon, one of said elements being mounted for 
feeding motion relative to the other and said machine 
having force producing means for effecting such feed 
ing motion of said one element; means carried by the 
tool carrier element to guide the cutting tool for limited 
back and forth motion relative to the tool carrier ele 
ment along a in the path parallel to the direction 
of feeding motion; tool supporting means movably car 
ried by said tool carrying element and mounted to en 
gage the tool and through which feeding force is ap 
plied to the tool to move there with relative to the tool 
carrier element; biasing means reacting between the tool 
carrier element and the tool supporting means to urge 
the latter tool in said the direction relative to the 
tool carrier element toward the work with a predeter 
mined force which is independent of unaffected by the 
position of the tool supporting means with respect to 
the tool carrier element; means reacting between the 
tool carrier element and the cutting tool to provide a 
supplemental biasing force that modifies and pre 
determined biasing force and cooperates there with to 
provide a net feeding force under which the tool and 
a work piece on the work supporting element are en 
gaged, and which supplemental biasing force so varies 
with changes in the position of the tool realative to the 
tool carrier element that the net feeding force decreases 
with movement of the tool relative to said tool carrier 
element in said direction and increases with such move 
ment in the opposite direction; control means operatively 
connected with the cutting tool and responsive to its 
movement relative to the tool carrier element in each 
direction along said path; and force regulating means 
operatively connected with said means for effecting 

feeding motion and upon which the control means acts 
to so regulate the velocity of the feeding motion of said 
one element as to increase said velocity when the cutting 
tool moves for said force producing means and co 
operating with said control means to catase feeding no 
tion to be effected by the force producing means under 
increasing force in consequence of response of the cort 
trol ineans to movement of the cutting tool in said direc 
tion relative to the tool carrier element and to decrease 
said velocity when the cutting tool moves calise feed 
ing motion to be effected by the force producing means 
inder decreasing force in consequence of response of 
the control means to movement of the cutting tool in 
the opposite direction relative to the tool carrier element, 
whereby the net feeding force under which the tool and 
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a work piece on the work supporting element are en 
gaged can be maintained substantially uniform. 

2. The machine tool set forth in claim 1, further 
characterized by the fact that: said first designated biasing 
nicalls comprises fluid pressure responsive means con 
nected between the tool supporting means and the tool 
carrier element; and means for applying a predetermined 
fluid pressure to said fluid pressure responsive means. 

3. The machine tool set forth in claim 1 wherein said 
means providing the supplemental biasing force reacts 
between the tool carrier element and the tool supporting 

S. 

4. The machine tool set forth in claim 3, wherein said 
means providing the supplemental biasing force is a spring. 

5. The machine tool Sct forth in claim 2 wherein said 
means providing the supplemental biasing force is a 
spring reacting between the tool carrier element and the 
tool supporting means. 

6. A machine tool of the type having a work support 
ing element and a tool carrier element with a cutting 
tool thereon, one of said elements being mounted for 
feeding motion relative to the other, and the tool heing 
inovable relative to the carrier along the path of feed 
ing notion, said machine tool being characterized by 
inneans for engaging the cutting tool with a workpiece car 
Tied by the work supporting element under a feeding 
force having a magnitude which is so controlled as to 
maintain the cutting rate of the tool through the work 
piece substantially constant despite variations in cross 
sectional shape of the workpiece, said means comprising: 
force transmitting means novably carried by the tool 
carrier element, engaging the cutting tool and supporting 
the same, said force transmitting means being mounted 
for limited motion constrained to move in unison 4'ith 
the cutting tool relative to the tool carrier element along 

said path substantially parallel to thc direction 
of feeding motion; means operatively connected with 
the force transmitting means for applying thereto a bias 
ing force which urges thc tool in the direction toward 
the work Supporting element to oppose the reaction 
force on the tool during cutting and the magnitude of 
which biasing force varies with the position of the force 
transmitting means and the cutting tool along its path 
of motion decreasing with bias-produced motion in 
said direction of the force transmitting means rela 
tive to the tool carrier element; feed motion producing 
means connected with said elements for causing said one 
element to move at a tituder controllably variable 
rate force clid a dific rent rates, regulating means for 

controlling said feed notion producing means to vary the 
rate of force by which feeding motion of said one ele 

ment is effected in accordance with change in the magni 
tude of the biasing force being exerted on the tool by the 
force transmitting means and broight about by change 
in said reaction force on the cutting tool, said regulating 
means comprising structure operatively associated with 
the feed motion producing means and the force trans 
mitting means and responsive to the position of the lat 
ter and the cutting tool along its path of motion to cause 
the rate of force by which feeding motion is effected 
to increase with bias prodiced motion of the force trans 
mitting means in said direction relative to the tool car 
rier elenient, and to decrease with its reaction produced 
motion in the opposite direction; and compensating 
means operatively associated with the feed notion pro 
dicing means and the force transmitting means to so 
modify the biasing force upon the force transmitting 
means as to decrease said force with increasing feed rates 
and increase said force with decreasing feed rates and 
responsive to movement of the force transmitting nicans 
brought about by sitdden changes in said reaction force 
tipon the cutting tool to decrease the biasing effect upon 
the force transmitting means whenever said reaction force 
of the citting tool studdenly decreases and thereby ac 
cordingly prevent said regulating means from effcc.iing a 
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correspondingly large increase in the force by which 
feeding motion is effected by saic feel notion plodicing 
means, and to increasing the biasing effect upon the force 
transmitting means whenever said reaction force on the 
cutting tool suddenly increases and thereby accordingly 
prevent said regulating means from effecting a corres 
pondingly large reduction in the force by which feeding 
motion is effected by said feed motion producing means. 

7. The machine tool of claim 6, wherein said con 
pensating means comprises: counterbiasing means re 
acting between the tool carrier element and the force 
transmitting means to provide biasing force which op 
poses that exerted upon the force transmitting means 
by the first designated biasing means; and means oper 
atively associated with the feed motion means and with 
said counterbiasing means for increasing the force exerted 
by the latter with increasing feed rates and decreasing 
said force with decreasing feed rates. 

8. In a band type sawing machine having a work Sup 
porting element and a tool carrier element, one of Saiki 
elements being mounted for feeding motion relative to 
the other, the tool carrier element carrying spaced apart 
pulleys with an endless saw blade trained about then, one 
stretch of the saw blade being the cutting stretch and 
passing lengthwise through the work Zone of the machine 
to effect sawing as feeding motion is imparted to said one 
element, means for so controlling the magnitude of the 
feeding force which the cutting stretch of the blade exerts 
against a work piece on the work Supporting element as 
to maintain the cutting rate substantially constant, said 
means comprising: a back-up; means mounting the back 
up on the tool carrier element in supporting force 
transmitting engagement with the cutting stretch of the saw 
blade at one side of the work Zone and for limited back 
and forth motion relative to said elment along a path 
substantially parallel to the path of feeding motion; bias 
ing means reacting between the tool carrier element and 
the back-up to urge the back-up and the cutting stretch 
of the saw blade relative to the tool carrier element in 
a direction towards a work piece on the work supporting 
element with a force that opposes reaction force on the 
blade during sawing and varies in magnitude with the 
position of the back-up along its path, decreasing with 
relative motion of the back-up in said direction; a mov 
able control member connected with the back-up to move 
in correspondence therewith; feed motion producing 
means connected with said elements for causing said 
one element to have inpart thereto feeding motion at a 
controllably variable rate and to effect such feeding no 
tion under regulatable force; feed rate control means 
connected with the movable control member to be respon 
sive to the position thereof and operatively associated 
with the feed motion producing means for so con 
trolling the rate of force by which feed motion is 
effected in accordance with the position of the control 
member so as to provide for increasing feed rates said 
force with bias-produced motion of the back-up in said 
direction and for decreasing feed rates said force with 
reaction-produced motion of the back-up in the opposite 
direction; means operatively associated with the feed mo 
tion producing means for producing an output of a mag 
nitude which varies with the rate of feed motion; and 
compensating means connected with said output produc 
ing means to be respective to its output and operatively 
associated with the back-up to so modify the effect of sail 
biasing force thereon as to decrease said force effect 
with increasing feed rates and increase said force 
effect with decreasing feed rates. 

9. The structure of claim 8 further characterized by: 
a second back-up engaging the cutting stretch of the saw 
blade at the other side of the work Zone: means mount 
ing said second back-up on the tool carrier element for 
limited back and forth motion relative to said element 
along a path substantially parallel to the path of feed 
ing motion; variable bias means operative to react be 

() 

4) 

5 5 

GO 

65 

70 

) 

18 
tween the tool carrier element and said second back-lip 
to urge the latter in the direction towards a work piece 
on the work supporting element; and bias control means 
responsive to the position of the second back-up along 
its said path and operatively associated with the variable 
bias means to so regulate the magnitude of the biasing 
force exerted thereby as to increase said biasing force 
with motion of the back-up in said direction and decrease 
said biasing force with motion of the back-up in the op 
posite direction, to thus maintain the forces biasing the 
blade toward a work piece substantially the same at both 
sides of the work Zone. 

10. The structure of claim 9, further characterized by 
the fact that: said variable bias means comprises hy 
draulic cylinder and piston means operatively associated 
with the second back-up to apply thereto a biasing force 
proportional to the pressure of hydraulic fluid in said 
cylinder and piston means, a pressure accumulator so 
connected with the cylinder and piston means that the 
pressure of fluid in the latter corresponds to the pres 
Sure in the accumulator, and means providing a source 
of hydraulic fluid under Substantially constant pressure; 
and wherein said bias control means comprises valve 
means connected with the second back-up to move in 
unison there with and so connected with the accumulator, 
Said hydraulic fluid Source and a vent as to permit fluid to 
flow from Said source into the accumulator when the 
Second back-up moves in said opposite direction from a 
predeterinined position and permits fluid to flow from 
Said accinnulator to the vent when the back-up moves 
in said direction from said predetermined position. 
i. The structure of claim 8, further characterized by 

the fact that the feed motion means comprises hydraulic 
cylinder means and means to connect said cylinder means 
with a fluid pressure source; and by the fact that the coin 
pensating means comprises a pair of pressure responsive 
force producing force applying devices connected to 
gether in opposed relation to produce a resultant output 
force and connected with the control member to impose 
Said output force thereon; and further by the fact that said 
Output producing means comprises a hydraulic line con 
necting one of said devices with the hydraulic cylinder 
means SO that said device is responsive to the static pres 
Sure in the cylinder means and in poses the force thereof 
itpoll tie control neither in the direction to resist its no 
tion with the hack-up inder the influence of the biasing 
7icans acting on the latter, a second hydraulic line con 
nected with the hydraulic cylinder means and through 
which fluid flows during feeding motion of said one 
element at a velocity depending upon the velocity of 
the feeding motion of said one element, a restricted 
orifice in said Second line so that the static pressure 
downstream of Said orifice is proportionately less than 
that obtaining in the cylinder means as the velocity of 
the flow through said second line increases, and means 
connecting the other pressure responsive device with 
the Second line downstream of said orifice so that the 
resultant output of Said opposed pressure responsive 
force producing devices is a measure of the velocity of 
the feeding motion of said one element. 

12. The structure of claim 8, further characterized by 
the fact that the means mounting the back-up on the 
tool carrier element comprises a cylinder fixed with re 
spect to said element with its axis in line with the path 
of feeding motion, the back-up having a part slidably 
received in the cylinder, the control member also being 
slidably received in the cylinder and connected to said 
part of the back-up to move in unison there with; and 
the means providing the biasing force acting on the back 
lip comprising a source of fluid pressure, duct means 
connecting the end of the cylinder remote from the back 
up with the fluid pressure source, and piston means on 
said control member and disposed in the cylinder so that 
fluid pressure manifested in the cylinder imparts a bias 
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ing force upon the connected control member and 
back-up. 

13. The structure of claim 2, further characterized 
by the fact that the means whereby feeding motion of 
said one element is effected comprises hydraulic actuat 
ing cylinder means and duct means connected with the 
same through which fluid can flow into and out of the 
hydraulic actuating cylinder means; and by the fact that 
the means by which the rate of force with shich 
feeding motion is regulated comprises inlet and outlet 
ports in said cylinder in which the control member 
slides, said ports being connected in series with said duct 
means, and means on the control member to adjust conn 
munication between said ports to increase the communi 
cation upon movement of the control member in response 
to the biasing force and decrease the communication 
upon movement of the control member in response to re 
action the the feeding means produced inotion of the 
control member to thereby control the rate at which 
fluid flows through said duct means. 

14. The structure of claim 12 wherein said source 
of fluid pressure provides a pressure biasing force 
which is substantially uniform, further characterized by 
a spring reacting between the tool carrier element and 
the back-up to supplement the biasing force of the fluid 
pressure manifested in said cylinder and provide for 
variation in the magnitude of the biasing force on the 
back-up in accordance with its position. 

15. In a machine tool of the type having a carrier 
with a cutting tool thereon, and having regulatable force 
applying means for effecting relative feeding motion be 
insect the tool carrier and a workpiece being cut by the 
tool, characterized by the following: that the cutting 
tool is mounted for linited back and forth novenient 
with respect to the carrier along the path of relative 
feeding motion; that the cutting tool is biased to resist 
such relative movement in one direction with a force that 
opposes and halances reaction force on the cutting tool 
li'hen the latter is engaged with a work piece under a 
feed force of a predetermined and desired value, and 
that control means connected with the cutting tool senses 
its position with respect to tie carrier and cooperates 
with the force applying means to regulate the force hy 
is'hich said relative feeding notion is cfjected in accord 
ance with the position of the cutting tool with respect 
to the carrier, so as to increase said last named force 
in response to any slight bias-produced motion of the 
cutting tool with respect to the carrier whenever feed force 
drops belons' said predetermined valite, and to decrease 
the force under which relative feeding notion is effected 
in response to notion of the cutting tool with respect 
to the carrier under the increasing reaction force that re 
stores said balance between reaction and biasing forces. 

16. In a machine tool of the type having a carrier 'ith 
a cutting tool thereon, and having regulatable force apply 
ing means for effecting relative feeding motion between the 
tool carrier and a 4'ork piece being cut by the tool, char 
acterized by the following: that the cutting tool is mounted 
for limited back and forth movement with respect to the 
carrier along the path of relative feeding motion, that the 
cutting tool is biased to resist such relative movement in 
one direction liith a force that opposes and balances re 
action force on the citting tool when the latter is engaged 
1'ith a work piece under a ficed force of a predetermined 
and desired value; and that control Fieans connected with 
the cutting tool senses its position with respect to the car 
rier and cooperates with the force applying means to reg 
ulate the force by which said relative feeding motion is 
effected in accordance with the position of the cutting 
tool 4'ith respect to the carrier, so as to modify said last 
named force as needed to maintain the feed force at its 
predetermined desired value. 

17. In a machine tool of the type having a work slip 
porting element, a tool carrier clement, and a cutting tool 
thereon i'hich can move back and forth along a defined 

IO 

20 

25 

30 

40 

6 

5 

s 

20 
path relative to the tool carrier element and is moved in 
one direction along said path, relative to the tool carrier 
element, in consequence of the reaction force resulting 
front engagenicit of the cutting tool with a work piece on 
tile si'ork supporting element: means on the tool carrier 
element for opposing reaction force on the cutting tool 
with a biasing force that balances reaction force of a pre 
deteriained value 'hen the cutting tool occupies a position 
along said patii corresponding to a desired feed force with 
wiich the cutting tool is engaged with a work piece on the 
s'Ork supporting elenient, regulatable force applying means 
to citect rciative feeding motion between the cutting tool 
and a work piece on the work supporting element; and 
control means carried by the tool carrier element and 
coils trailed to hack and forth novenient relative the re 
to it unison with the cutting tool as the latter moves in 
Cofisc gitence of change in reaction force thereon either 
above or below said predetermined value, said control 
nieans governing said force applying means and cooper 
afing there with during its motion with the cutting tool 
to citect relative feeding motion between the cutting tool 
and a 'ork piece on the work supporting element under 
forces is'hich vary inversely with increase or decrease in 
i’eaction force from said predetermined value, whereby 
said force applying ineans can be continuously adjusted 
disring cutting and the net feeding force under which the 
cutting tool is engaged with a work piece on the work sup 
porting element can be maintained at a substantially 
constant value. 

i8. In a machine tool of the type wherein a cutting 
tool effects cutting of a work piece in consequence of 
relative feeding motion between the cutting tool and the 
Work piece: a work support; a carrier on which the cut 
ting tool is mounted for movement relative thereto in 
either direction along a path parallel to the path of feed 
ing motion, said cutting tool being movable relative to 
the carrier in one direction along said path in consequence 
of reaction force resulting from cutting engagement of the 
tool with a work piece on the work support, and being 
biased 'ith a force that resists such relative movement of 
the cutting tool in said one direction and yieldingly 
maintains the same in a normal cutting position when re 
action force thereon is at a predetermined value corre 
sponding to a desired feed force under which the cutting 
tool is engaged with a work piece on the support reg 
ulatable force applying means to effect said relative feeding 
motion with a force that can greatly exceed said pre 
deterinited reaction force; and control means for sens 
ing slight deviations of the cutting tool from said nor 
nial position thereof and for adjusting said regulatable 
force in correspondence there with, said control means 
being operable to increase said regulatable force in con 
seqticnce of bias produced relative movement of the cut 
ting tool in the opposite direction from said normal po 
sition thereof whene'er reaction force on the cutting tool 
drops below said predetermined value, and to decrease 
said regulatable force in correspondence with return rela 
tive motion of the cutting tool to said normal position 
thereof, whereby the feed force under which the cutting 
tool is engaged with a work piece on the work support 
can be maintained at a substantially constant value de 
spite such interference with relative feeding motion as 
nigiit require tie latter to be effected under forces greatly 
exceeding the desired feed force. 

9. The machine tool of claim 18 wherein: the cutting 
tool is resiliently flexible, and the bias thereon includes 
bias producing means which is independent of said regu 
latahle force applying means. 

20. The machine tool of clain 19, whereini said bias 
producing means everts a constant biasing force upon the 
cititing tool. 

21. A machine tool of the type having a work sup 
porting element and a tool carrier element with a cutting 
tool thcroon, one of said elements being mounted for 
feeding motion relative to the other, and the tool being 
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noyable relative to the carrier along the path of feeding 
motion, said machine tool being characterized by meals 
for engaging the cutting tool with a workpiece carried by 
the work supporting element under a feed force having a 
magnitude which is so controlled as to maintain the cut 
ting rate of the tool through the work piece sitbstantictly 
constant despite variations in cross sectional shape of the 
work piece, said means comprising: force transmitting 
means movably carried by the tool carrier element and 
bearing against the cutting tool so as to receive the re 
action force imposed thereon during cutting, said force 
transnitting means being constrained to move in lunison 
with the cutting tool relative to the tool carrier element 
along said path, yieldable means operatively connected 
with the force transmitting means for applying there to a 
biasing force which acts on the cutting tool in opposition 
to said reaction force with an effectiveness that varies 
directly with such increase or decrease it said reaction 
force as effects any movement of the force transmitiing 
means and the cutting tool along said path of motion; 
feed motion producing means connected with said cle 
ments for causing said one element to move under con 
trollably variable force and at different rates; regulating 
means operatively associated with the force transmitting 
means and said feed motion producing means to vary tie 
force which the latter applies to said one element in ac 
cordance with said movement of the force transmitting 
means and the cutting tool, said regulating means being 
responsive to bias-produced movement of the force trans 
mitting means to cause an increase in the force by 4'hich 
feeding motion is effected, and being responsive to re 
action-produced movement of the force transmitting 
means to cause a decrease in said force, and compensat 
ing means operatively associated with the feed notion 
producing means and the regulating means and responsive 
to bias-produced movement of the force transmitting 
means to limit such movement thereof at times when 
there is a sudden decrease in reaction force upon the force 
transmitting means and thereby accordingly limit increase 
in the force by which feeding notion is effected by said 
feed motion producing means, and responsive to reac 
tion-produced motion of the force transmitting means to 
limit such notion thereaf at times when reaction force 
on the cutting tool stiddenly increases, and thereby ac 
cordingly limit decrease in the force by shich feeding 
motion is effected by said feed notion producing means. 

22. A machine tool of the type l'iiich is characterized 
by a tool carrier, by regulatable force applying means for 
effecting relative feeding motion left een the carrier and 
a work piece to be cut, and by a cutting tool on the carrier 
which is maintained in a normal position with respect to 
the carrier as long as feed reaction force on the cutting 
tool, which is opposed by an equal biasing force reacting 
between the cutting edge of the tool and the carrier, is at 
a predetermined value, said cutting tool heing movable 
relative to the carrier in opposite directions along the path 
of relative feeding motion under the in fittence of one or 
the other of said forces in correspondence with changes 
in feed reaction force, and said machine tool being fur 
ther characterized by regulating means for adjusting the 
force with which said relative feeding motion is effected 
by the force applying means; a control element for said 
regulating means movably carried by the carrier to follow 
and sense the position of the cutting tool relative thereto, 
said control element being responsive to said relative 
movement of the cutting tool resulting fron changes in 
feed reaction force thereon and cooperating with the 
regulating means and the force applying means to 'ary the 
force effecting said relative feeding notion inversely with 
changes in feed reaction force from said predetermined 
value thereof; and compensating means operatively asso 
ciated with the control element and the citting tool and 
responsive to a function of the rate at which relative feed 
ing motion is effected to so modify the effect of said bias 
ing force as to decrease said effect whenaver a decrease in 
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feed reaction force tends to result in an increase in the 
rate of relative feeding motion to a value above a prede 
termined desired rate, and to increase said effect When 
ever an increase in feed reaction force tends to result in 
a decrease in the rate of relative feeding motion to a 
value below said predetermined rate. 

23. A machine tool of the type which is characterized 
by a tool carrier, by regulatable force applying means for 
effecting relative feeding motion between the carrier and 
a work piece to be cut, and by a cutting tool on the carrier 
which moves relative thereto along the path of feeding 
motion in either direction from a position it occupies clair 
ing cutting at a selected rate and at which time reaction 
force on the cutting tool is at a predetermined value corre 
sponding to the feed force with which the cutting tool 
must he engaged with a work piece to achieve the selected 
cutting rate, in consequence of change in said reaction 
force above and belon said predetermined value, and 
further characterized by: regulating means for adjusting 
the force with which relative feeding motion is effected 
by the force applying means; a control element for said 
regulating means movably carried by the carrier to follow 
and sense the position of the cutting tool relative thereto, 
said control element cooperating with the regulating 
means and the force applying means to effect said rela 
tive feeding motion with forces that vary inversely with 
increase and decrease in reaction force from said predeter 
inited value thereof, in consequence of the movement 
of the cutting tool resulting from such change in reaction 
force; and compensating means operatively associated 
with the force applying means and the control element 
to modulate the effect on the latter of movement of the 
cutting tool inder the influence of sudden substantial 
changes in reaction force from said predetermined value 
thereof. 

24. A machine tool of the type which is characterized 
by a tool carrier, by regulatable force applying means 
for effecting relative feeding notion between the carrier 
and a work piece to be machined, and by a cutting tool 
on the carrier which is novable relative thereto in op 
posite directions along the path of relative feeding motion 
in consequence of increase and decrease in feed reaction 
force on the cutting tool, and said machine being further 
characterized by: first instrumentalities associated with 
the cutting tool and with the force applying means and 
Operative in consequence of relative movement of the 
Clifting tool resulting from said changes in feed reaction 
force thereon to regulate the force by which said relative 
feeding notion is effected inversely with said changes in 
feed reaction force, second instrumentalities associated 
Yith the force applying neans and responsive to a func 
tion of the rate at which said relative feeding motion is 
effected thereby; and means so coordinating the operation 
of Said first and second instrumentalities that the latter 
limit the effect of the former whenever operation of said 
first instrumentalitics tends to result in either an increase 
of a decrease in the rate of relative feeding notion. 

25. A machine tool of the type which is characterized 
by a tool carrier, by regulatable force applying means for 
effecting relative feeding motion between the carrier and 
a work piece to be cut, and by a cutting tool on the carrier 
shich is maintained in a normal position with respect to 
the carrier as long as feed reaction force on the cutting 
tool, which is opposed by an equal biasing force reacting 
between the cutting edge of the tool and the carrier, is 
at a predetermined value, said cutting tool being movable 
relative to the carrier in opposite directions along the path 
af relative feeding motion under the influence of one or 
the other of said forces in correspondence with changes 
in feed reacting force, and said machine tool being fur 
ther characterized by: instrumentalities associated with 
said force applying means and with the cutting tool, and 
responsive both to movement of the cutting tool resulting 
from changes in feed reaction force thereon and to a func 
tion of the rate at which relative feeding motion is ef 
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